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ENERGY CONSERVATION AND U.S. FARM PRODUCTION PATTERNS

Angelos Pagoulatos
University of Kentucky
Lexington, Kentucky

Abstract
Energy conservation practices in crop production would not substantially reduce
energy use. Substantial reductions of energy would imply major structural
changes in terms of extensive systems of crop production. The tradeoffs between
land and energy for future desired crop outputs are derived.

1.

INTRODUCTION

fronted with serious constaints of energy re
sources, soil erosion and environmental de

Agriculture is among the most productive and vital
sectors of the U.S. economy.

gradation.

Agriculture not only

provides high quality and abundant food at a low

In this paper, present energy conservation prac

price for the nation’s 219 million people, it also

tices are evaluated in terms of their potential

provides basic raw materials for industry and

savings in energy consumption for U.S. crop

markets for manufactured goods, and exports 21.5

production.

billion dollars of products annually as a major

sumption are investigated by specifying land

Substantial decreases in energy con

contribution to the U.S. balance of payments (20).

intensive and extensive systems of agriculture

Consumers in the U.S. spend only about 17 percent

which then are evaluated in terms of their

of their disposable income for food, the lowest

potential resource use conflicts.

percentage of any country in the world (17).

the tradeoffs between land and energy in crop

In

production are estimated.

producing this food, the agricultural sector uses
only 4 percent of the U.S. labor force coupled

2.

with around 250,000 dollars investment per laborer
in fixed and operating capital

In particular,

(4).

PATTERN OF ENERGY CONSUMPTION IN
CROP PRODUCTION

After 1940, capital intensive technologies effec

Essential to agriculture's current and continuing

tively substituted for labor, land, animal power

productivity is energy which provides the pro

and on-farm sources of plant nutrients.

pelling force within the mechanical, chemical

gave rise to low cost farming practices compared

and genetic revolutions.

to the productivity gains.

Through these technolo

Research

Between 1940 and 1955,

output increased by 30 percent, acreage remained

gical revolutions, agriculture has shifted from
farm supplied power, fertilizers and pest control

stable at 340 million acres and farm output per

of renewable resources origins, to sources of

man-hour doubled.

Power, fertilizers, and pesticide control which

increased two percent annually as compared with

are both nonrenewable and highly demanded by other

only one percent in earlier decades.

sectors of the economy.

Within the process of

During this period, output

As crop production per acre increased by 14 per-

these revolutionary changes, agriculture is con
7

cent, farm population declined by 11 million

Energy use for crop production can be differ

people.

entiated with regard to whether it is used by

Because of expansion within the indus

trial sector and internal adjustments in agri

"fixed site power units" or by "mobile power

culture, labor was reallocated.

units".

The number

of tractors on farms rose threefold (from 1940

Table 1 shows the pattern of energy

consumption in crop production on farms, ranches

to 1955) and farm fuel expenditures increased

and plantations, by uses and sources.

from 350 to 1,403 million dollars per year (3).

power units use some petroleum products, and

During this 15-year period, fertilizer applica

mostly natural gas and electricity.

tion increased 250 percent.

units though are totally dependent on petroleum

Average size of

Fixed site

Mobile power

farms increased from 167 in 1940 to 258 acres in

products and they are essential in extensive

1955.

land cultivation as opposed to fixed site power

Between 1955 and 1975, farm population declined

units which are essential for intensive culti

further by another 11 million people and farm

vation (14, 15).

output rose 70 percent.

It is the large diesel and gasoline powered

Animal power made

little contribution in producing the farm output.

tractors, trucks and combines that do the bulk

About one acre per person was required to produce

of the land fitting and hauling.

Fuel supplies,

farm output in 1975 compared with 1.72 acres

furthermore should be timely.

per person in 1955 (20).

getting a crop planted beyond the optimum

energy took over.

Off-farm sources of

Decreasing real prices for

Any delay in

planting date has a depressing effect on yield.

petroleum products contributed to the dependence

For 1974, July and October were peak months for

on exhaustible stock energy resources.

gasoline consumption and September for diesel

Commer

cial fertilizer use doubled over the period.

fuel peak use (5).

The number of farms decreased from 4.6 to 2.8

in February and August.

million and their average size increased from

diesel, LP gas use on farms represents a substan

258 to 385 acres (20).

tial proportion of total LP gas sales (4).

Farmers became almost

Fuel oil consumption peaks
Unlike gasoline and

By

completely dependent upon tractors and tractor

farm production regions, greatest LP gas demand

powered equipment for the cultivation, fertili

is in the Southern Plains and the Corn Belt (due

zation, chemical application, and harvest.

to increased crop drying). Most of the LP gas

By

1976, there were 4.5 million farm tractors

consumption by agriculture occurs between July

averaging 50 horsepower and fuel expenditures

and November.

reached 3 billion dollars per year.

peaks in the summer when most of the agricultural

Another

Electricity and natural gas use

major user of fuel and electricity was irrigation

enterprises are at work, whereas coal reaches its

on 37 million irrigated acres, the bulk of which

peak during the cold months of the year.

is in the western states (20).
Determining seasonal farm fuel with precision is
Government compensatory programs to maintain

impossible because specific weather conditions

farm incomes as well as to reduce farm production

changing over time induce different use peaks

were implemented during the period.

for the different fuels.

As a result

Furthermore seasonality

of controlling farm production, the remaining

patterns of fuel vary among regions which poses

acreage tended to be farmed more intensively and

the additional problem of availability at specific

farms tended to specialize in particular crops.

locations.

Soil became depleted of nutrients thus requiring
3.
even larger amounts of fertilizer.

Burdens

THE POTENTIAL OF ENERGY
CONSERVATION PRACTICES

were placed on streams and lakes by the runoff
Several energy conservation practices have been
of silt and farm chemicals (17).
suggested for improving energy efficiency in the
8

crop production sector (8, 9, 11, 12, 13, 16, 17,

produced in confinement annually (8).

18).

The Council for Agricultural Science and

example, nearly all of land now devoted to corn

Technology has attempted to summarize the most

could be fertilized with animal manure assuming

relevant conservation practices (1).

15 tons per acre would supply the nitrogen needs

Improvements

For

in the operation and maintenance of farm power

of corn.

equipment could result in an estimated annual

feasible within a radius of 1 to 1 1/2 miles

This type of fertilization would appear

saving of about 600 million gallons of gasoline

from the feedlot (8).

and diesel fuel.

also be used through anaerobic fermentation

Conversion of all power units

Animal residues might

from gasoline to diesel fuel would result in an

and yield fuels like methane gas.

additional 600 million gallons of gasoline

which constitute about 60 percent of the agricul

equivalent per year.

tural crops might also be used for the production

However, because of the

Crop residues,

existing tractors which are gasoline fueled, this

of alcohol substitutes of gasoline.

conversion would require several years.

residues are presently used for soil improvement
★
and erosion control.

A fuel saving of approximately 40 million gallons

Crop

of LP gas equivalent could be saved by applying

Table 1 shows the present pattern of energy

a relatively new technology (dry eration) to c o m

consumption in U.S. crop production.

Values in

drying if the necessary capital investment is

parentheses indicate the amounts of energy saved

available.

with the above mentioned energy conservation

Also, increased feeding of high-

moisture c o m instead of dried corn to hogs could

practices.

result in an additional 37 million gallons

applied to the above areas the total farm energy

of LP gas equivalent saved.

use for crops could be reduced by only 13.7 per
cent.

Even if present knowledge was

This reduction moreover would affect

Pest-control technologies could be perfected,
negligibly the extreme seasonality of energy

thus requiring smaller amounts of pesticides

requirements for crop production.
and fuel for application, which would result in
4.

100 million gallons of gasoline equivalent saved
annually.

Full use of soil tests and research

AGRICULTURAL CROPS AND FUTURE
ENERGY REQUIREMENTS

American agricultural production is challenged

information regarding timing of application and
appropriate kinds and quantities of fertilizers

to meet future domestic and foreign demands for

for specific crops could save the equivalent of

crops and to maintain its important position in

9.6 billion cubic feet of natural gas.

the domestic economy and in international trade.
Projected domestic and export demands for U.S.

Improvements in plants, by modifying carbon and

crops for the target year 2000 are provided by

nitrogen metabolism, decrease the energy require

OBERS projections (22).

ments, thus contributing to more efficient
photosynthesis.

Estimates of the

future demands for specific commodities are

Fertilization of the soil could

presented in Table 2.

depend more upon the billion tons of manure

These projections of per

A more efficient use of sunlight also has been suggested. The solar energy potentially available to
U.S. cropland varies from a high of 260 watts/m2/yr in most of New Mexico, Arizona, and parts of
California, to a low of 150 watts/m2/yr in the dairy regions of upstate New York, Vermont and
Oregon (8). But the areas with maximum sunlight are characterized by scarce water supplies.
In
these areas, agriculture must compete with manufacturing industries yielding much greater returns
and making water prohibitively expensive for agriculture.
For example, an acre-foot of water in
Arizona generates about 1,000 times more personal income when used for manufacturing than for
agriculture (8, 9). Furthermore, irrigation requires great amounts of energy which decreases
considerably the overall energy efficiency of farming.
It seems probable, therefore, that under
increased use of solar energy, agriculture would be encouraged in grain fed areas like New England
where farming is potentially declining.

9

Table 1.— Energy use in agricultural crop production by operation

Operations
For
Crops

Gallons
of
Gasoline

Gallons
of
Diesel

Gallons
of
Fuel Oil

Gallons
of
LP Gas

(1000)

(1000)

(1000)

(1000)

Cubic
KWH's Invested
Billion
Feet of
of
Natural Gas Electric BTU's
(Million) (Million)

BTU
Total
(Billion)

Mobile Power Units
Preplant
Plant
Cultivate
Fertilizer Appli
cation
Pesticide Application

61,424
25,581
24,476

923,331
242,480
280,388

27,023
32,711

64,044
74,754

Harvest
Farm Truck
Grain Handling
Farm Pickup
Farm Auto

495,052
538,405
16,314
1,036,304
442,722

443,729
5,605

SUB-TOTAL

2,700,012

2,035,389

- -

1,058
--

- -

22,719
9,461
9,053

--

9,995
12,099

—

- -

—

- -

—

- -

- -

__

..
--

--

--

183,102
- -

- -

—

. .

_ _

- -

- -

- -

- -

- -

-—

—

—

—

--

--

--

---

- -

_

246,429

Pesticides
Irrigation
Frost Protection
Crop Drying
Electric Overhead
SUB-TOTAL
MISCELLANEOUS
TOTAL

621,181
- -

_

__

__
132,318

70,553
46,443
--

177,144
39,326
--

218,549
76,564

236,331
1,458
--

--

--

--

--

116,996

216,470

295,113

237,789

64,283

35,354

--

2,881,276

2,286,539

259,112

_ _

—
1,148,657

95,272
19,264
200
858

--

—

1,705

--

159,500

22,027

716,453

- -

27,182

—
159,500

33
22,060

13,294
15,704
(2,460)
141,398
68,085
2,053
129,686
55,340
645,881
(150,060)

Fixed site power units
Fertilizers

139,103
38,044
43,174

—
716,453

621,181
(78,658)
95,272
(9,840)
260,752
42,729
105,311
(7,358)
5,819
1,131,064
(95,856)
13,085
1,789,931
(245,916)

Data are compiled from "Energy and U.S. Agriculture: 1974 Data Base Federal Energy Administration and
U.S. Department of Agriculture, Washington, D.C., September, 1976.

Table 2.--Projected demand for selected agricultural commodities
in the U.S.a

2000

Demand
For
Domestic
Products

Unit
(million)

Commodity

Exports*3

Wheat

BU.

2006.0

920.0

148.1

87.0

Rice rough basis

CWT.

Soybeans

BU.

2909.5

1475.0

Corn

BU.

8739.8

2070.0

Grain Sorghum

BU.

1563.0

380.0

Oats

BU.

1037.0

22.0
45.0

Barley

BU.

654.1

Rye

BU.

47.1

8.7

Peanuts farmers stock

LBS.

6390.3

806.9

Cotton

BALE

10.8

4.3

Sugar raw value

TONS

9.1

0.1

Tobacco farmer sales B

LBS.

2097.6

777.8

Citrus Fruits

LBS.

32630.9

3824.0

Irish § Sweet Potatoes

LBS.

421.1

3.4

Dry Beans § Peas

LBS.

2183.6

714.0

aSource:

U.S. Water Resources Council

( 22).

^Exports refer to normal levels.

capita commodity demands and normal grain exports

been considered in producing the desired output

represent the desired output for U.S. agriculture.

of agricultural crops:

If these desired outputs are to be produced with

A.

Extrapolation of present energy intensiveness

B.

Reversion to on-farm sources of energy;

C.

Land-using energy intensiveness;

D.

Land-conserving energy intensiveness.

the present structure of agricultural crop pro
duction, the requirements for energy would
almost double by the year 2000.

If more sub

stantial reductions in energy are necessary, than
the ones stemming from the presently advocated
conservation practices, then major structural
changes in crop production will have to take
place.
The following four agricultural systems have*

Table 3 shows the energy and land requirements
★★

of each of the above four scenarios.

It can be

seen that as energy requirements decrease land
requirements increase.

The extrapolation of the

present system of crop production yields energy

It has been estimated that 3,112 trillion BTU's of energy will be required in the year 2000.
For the
**caldilations made in the derivation of Table 2 see (14).
The possibility of a return to agricultural product surpluses reminicent of the 1960's ought to be
considered also.
Furthermore, effective international demands are fraught with uncertainties rooted in
natural, economic and political conditions.
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Table 3.--Energy and Land requirements in U.S.
Crop Production for the year 2000.

Land
(million acres)
Energy
(trillion BTU's)

Scenario
Cc

Scenario
Bb

Scenario
Aa

Scenario
Dd

365

939

634

340

3,112

300

1,556

3,501

Extrapolation of present energy intensiveness;
^Reversion to on-farm energy sources;
c
Land-using energy intensxveness;
^Land-conserving energy intensiveness.

requirements that are about 75 percent more than
the present energy consumption.

needed for producing the desired crops in the

The reversion

year 2000 therefore are not available and

to on-farm sources of energy implies the return

reversion to on-farm sources would not produce

to horses, mules and oxen as well as natural
drying and manure produced in confinement.

enough crops to meet the estimated domestic
Crop

demand.

residues, crop rotations, organic materials and
The third alternative system of agricultural
inorganic minerals are assumed to substitute for
crop production is the land-using energy inten
commercial fertilizers and pesticides

(7, 14, 17).
siveness.

This system assumes no commercial

Although energy requirements are substantially
fertilizers, agricutlural pesticides or irriga
reduced, land requirements reach 939 million
★
acres.
This is due to the decreased produc

tion.

Fixed site power unit are therefore

substantially reduced, which mobile power unit
tivity of crop per acre.
requirements are substantially increased.

It

The cropland segment of the national land base

can be seen from Table 3 that overall energy

currently consists of 472 million acres (see

requirements are 50 percent compared to the

Table 4).

energy needs generated by the straight-extrapo

It appears that an additional 264

million acres (representing a 56 percent expan

lation.

The land-using energy intensiveness

sion of current cropland) could be converted to

scenario requires 1,556 trillion BTU's and 634

cropland if improved and managed properly to

million acres in the year 2000.**

prevent erosion and deterioration.

This expan
The land-conserving energy system of agricultural

sion consists of Class I, II and III land which
crop production assumes intensive agricultural
is presently used mostly as forest land and
production implying expanded use of energy for
pasture and therefore part of it is marginal in
fixed site units but less mobile power use.

Crop

productivity and fragile in terms of conservation
acreage requirements are the lowest reaching
and environmental quality.

The 939 million acres*
340 million acres by the year 2000 and energy

**

About 100 million acres are needed to feed the work animals.

This system of agricultural crop production resembles organic farming which does not rely on chemical
fertilizers or pesticides but uses the same mechanized methods of crop production as conventional
farming.

12

Table 4.

Current and Potential Cropland in the U.S.3

Current Cropland

Potential Cropland
Sources^

Million
acres

Uses

Cropland used for
crops

Million
acres

Uses

Forest land

124

117

Million
acres

333

Soil improvement
and idle

51

Pasture and
range land

Cropland pasture

88

Other land

TOTAL

Current and Potential
Cropland

472

aBased upon 1969 U.S. Census

23
264

736

(20).

Based upon Conservation Needs Inventory, Soil Conservation Service, U.S.
Department of Agriculture 1967 (21). Includes Class I, II and III land.
Excludes Alaska and Hawaii.

domestic and foreign demand projections for U.S.

required is 3,501 trillion BUT's.

agricultural crops indicate that requirements of

Figure 1 shows the tradeoff curve between land
and energy requirements in crop production.

energy would almost double by the year 2000.

It

Energy conservation practices, including minimum

can be seen that the curve is negatively sloped

operation and maintenance of farm power equipment

displaying a diminishing rate of substitution

and the timing of fertilizers and pesticides,
between land and energy.

Of particular interest
have been suggested for improving energy effi

is the substitution of land for energy between

ciency in the crop production sector.
points B and A.

However,

As we move to the left of B,
even if present knowledge was applied to the

energy reduction can be achieved given increased
above areas the total farm energy use for crops
land acreage but over this range energy is really
could be reduced by only 13.7 percent.

substituted with land and animal power.

This

reduction moreover would affect negligibly the
The calculated average rate of substitution

extreme seasonality of energy requirements for

between energy and land in crop production is

crop production.

5,000,180 BTU's per acre of land within the
More substantial reductions of energy, than the

margins of reversion to on-farm energy resources

present advocated conservation practices, would

(point A in Figure 1) and the land-conserving

imply major structural changes in crop production

energy intensive system of crop production (point

Intensive and extensive systems of agriculture

D in Figure 1).

could be then evaluated in terms of their
5.

SUMMARY AND CONCLUSIONS

potential resource use conflicts.

Land require

ments generated by the year 2000, with the

With present patterns of energy consumption,

Technological breakthroughs in developing energy resources or ways of utilizing energy more effi
ciently could make any system of agricultural production feasible. Proposals like Calvin's petroleum
producing plants, could make agriculture a net energy producer (29).
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Million
Acres

Figure 1.— '
T rade-off frontier between land and energy
requirements for the U.S. crop production.

reversion to on farm energy sources, cannot be

more desirable for the future, given the poten

met.

tial resource use conflicts arising from them.

Implementation of the scenario extrapo

lating present energy use and the land-conserving

Yet, outright energy minimization leads to

energy use scenario, would result in high levels

undesirable effects such as land erosion and

of energy consumption and environmental damage.

deterioration.

By the year 2000, more than 3.1 trillion BTU’s
The derived tradeoff curve between land and
of energy will be needed.

The land-using energy
energy displays a diminishing rate of sub

scenario, which assumes little commercial
stitution and it shows that a sizeable increase
fertilizer, agricutlural pesticides, or irri
in one resource is needed in order to minimize
gation, but more tractors for an extensive
the use of the other resource.

The average

cultivation, results in an overall 50 percent
rate of substitution between energy resources
reduction in energy use.
and land in crop production is 5,000,180 BTU per
Less energy intensive agricultural systems are

acre of land within the margins of reversion to.

m

animal power and a land conserving and energy
intensive system of crop production.
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efforts should be directed not only toward a
more efficient use of energy but to a more
efficient use of all scarce natural resources
used in fanning.
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